SUMMARY Thyroid hyperplasia was identified at necropsy in 16 of 70 cases of haemolytic disease of the newborn due to rhesus isoimmunisation dying in the years . No hyperplasia was found in the thyroids from 140 nonrhesus-affected infants matched for date of birth, bodyweight and length, and gestation, or in cases of haemolytic disease born before 1966. All 16 infants with thyroid hyperplasia had received intrauterine transfusions and the iodine-containing contrast media used for preliminary amniography were the only goitrogenic factors identified. Lipiodol, first used in 1966, was considered to have the greatest effect. The 16 infants with hyperplastic thyroids were less mature and smaller than 22 infants with normal thyroids who had been similarly exposed to contrast media. The high incidence of hyperplasia may be due to immaturity of the adaptive mechanisms which allow most normal individuals to escape the goitrogenic effects of iodine compounds.
In a preliminary report in 1976 we described the finding of hyperplasia of the thyroid glands in some infants with haemolytic disease due to rhesus isoimmunisation.1 Thyroid hyperplasia had not previously been described in association with this disease. All infants had received intrauterine transfusions, a procedure introduced by Liley at the National Women's Hospital in 1963. 2 We suggested that the use of iodine-containing contrast medium for preliminary amniography (amniofetography) was the likely cause of the thyroid abnormality, although there were many other similarly treated infants with normal thyroids. We have made a more detailed study of infants with haemolytic disease dying at the same hospital between 1959 and 1976.
Material and methods
We reviewed the histology of the thyroid glands of 334 rhesus-affected infants examined at necropsy at the National Women's Hospital between January 1959 and April 1976. The majority were stillbirths in whom tissues were autolysed, but histological A control series of sections of thyroid glands from 140 nonrhesus-affected infants was then obtained, 2 from each of the 70, matched for gestation (± 1 week) and crown to heel length (± 2 cm), these being the next 2 liveborn or stillborn infants with wellpreserved glands, by name in alphabetical order, of necropsies for each year. The sections of all 210 thyroid glands were coded and examined 'blind'. Clinical and radiological records and the remaining histopathological material from the 70 rhesusaffected infants were then reviewed.
Results
Histology of 210 thyroid glands. 194 thyroids were assessed as normal for gestation and these were found to include all 140 glands from control infants. Thyroid follicles varied in size but most of them were round, filled with pale-staining colloid, and lined by cuboidal or flattened cells with uniform nuclei and little cytoplasm (Fig. la) . 16 glands, all from rhesusaffected infants, showed hyperplasia ( Fig. lb and c (Fig. 3) . All infants examined in 1974-76 had hyperplastic glands.
Other data on the infants with and without thyroid hyperplasia are presented in the Table. Infants with hyperplastic glands were of lesser median gestation and body size; there was an unexplained male predominance among those with normal glands; other differences were insignificant. 
Maternal factors unrelated to rhesus isoimmunisation
There was no history of thyroid disease or treatment for thyroid disease in mothers of infants both with and without thyroid hyperplasia. No drugs with known effects on thyroid function had been given to mothers in either group. Several drugs had been given more often to the mothers of the infants with thyroid hyperplasia but none was common to all. The most common was ampicillin, given prophylactically after amniocentesis to I I mothers. The reason why only some infants exposed to contrast media were affected was then considered.
Analysis of 38 infants exposed to contrast media. The 16 infants with hyperplastic thyroids were compared with the 22 with normal thyroids who had also been exposed to contrast media in utero (Table) . Severity 
Discussion
The only constant association found on review of these cases of thyroid hyperplasia and rhesus isoimmunisation was that their severe haemolytic disease required treatment by intrauterine transfusions. The thyroid hyperplasia is unlikely to be a further manifestation of the endocrine abnormalities found in severe haemolytic disease because it was absent in an even larger number of severely affected infants, and it was not observed in affected infants before 1966. A relationship to a change in medical management occurring about 1966 appears more likely. The only change identified was the introduction of Lipiodol Ultra-fluid into amniography, and the coincidence reinforces the likelihood that the hyperplasia was caused by the goitrogenic effect of iodine released from the contrast medium and absorbed either from the fetal gut or perhaps from the skin. 4 There have been many reports of the induction of congenital goitre by iodine-containing compounds, and hypothyroidism has been identified in some surviving infants. Wolff5 reviewed 25 cases of congenital goitre due to maternal ingestion of inorganic or organic iodine compounds and other reports of substantial numbers of similar cases have continued.6-7 Wolff5 noted the high incidence of histological hyperplasia in iodine-induced goitres in the newborn, but his suggestion that this might occur frequently at this age from other causes is not borne out by the control series of the study, or by our experience of neonatal thyroid histology in general. Iodides, above a critical dose, inhibit hormone formation in the thyroid glands of man and animals, the Wolff-Chaikoff effect, the mechanism of which remains uncertain.8 If the effect is prolonged, thyroid enlargement develops because of stimulation by pituitary thyroid-stimulating hormone (TSH). The effect appears to be rapid because the least degree of histological abnormality detected in our survey was in an infant dying only 4 days after amniography.
Other studies of thyroid function in newborn infants after amniography support our observation that Lipiodol has a much greater effect than watersoluble contrast media. RodeEch et al.9 who used 12 ml Lipiodol and 30 ml meglumine diatrizoate (Angiografin) found that 6 of 7 infants exhibited a pronounced increase in serum TSH levels on the 5th day of life, and in 2 cases hypothyroidism of short duration was confirmed by the association of increased TSH levels with decreased T4 levels. In contrast Morrison et al.10 found no abnormality of the levels of serum T4 and T3-resin-uptake in the cord bloods of 25 infants born after amniography with Urografin alone. Ranke et al.11 described goitre and hypothyroidism in an infant born 3 weeks after amniography with Lipiodol and a watersoluble contrast medium. Two other cases of neonatal hypothyroidism were reported after accidental injection of contrast media, including Lipiodol, into the fetal subcutaneous tissues during amniography.12 The greater effect of Lipiodol is most likely due to its persistence in the amniotic cavity and on the fetal skin until birth, providing continuous exposure to iodide, whereas watersoluble media are cleared rapidly. Other factors which might be contributory are greater instability Fetal thyroid hyperplasia, rhesus isoimmunisation, and amniography 217 leading to release of more free iodine, greater absorption, with or without degradation in the fetal intestine, and differing rates of clearance from the fetal circulation by the placenta.
The absence of thyroid hyperplasia in other infants who were exposed to Lipiodol and Urografin for a similar time may be due to the well-known individual variability in responsiveness to iodine. The mechanism of the usual rapid 'escape or adaption' of hormone secretion from the inhibitory effects of excess iodide is poorly understood,8 but it is associated with a decrease in iodide transport into the gland. The failure of a minority of individuals to show such adaption is in part geneticallydetermined,13 but genetic factors alone are unlikely to have determined the hyperplastic response found in 40% of the infants born between 1966 and 1975. Glands stimulated by TSH are more sensitive to the Wolff-Chaikoff effect, and blood TSH levels are high during the latter half of pregnancy.14 Immaturity of the adaptive response is another possible explanation which is supported by the lesser gestations of those infants who did have a hyperplastic response. The alternative explanation, that the smaller size of these infants was a reflection of a greater dose of contrast medium relative to body weight, could not be examined in detail because of lack of data on the quantities of contrast media used. Since, on average, the infants with normal thyroids received more transfusions than those with hyperplasia a doserelated effect is unlikely, but the number of transfusions is irrelevant if Lipiodol is the major factor and is given only at the first transfusion. All thyroid glands studied in the years 1974-76 were hyperplastic, causing suspicion of a high free-iodine content of batches of media in use at that time, but no further information could be obtained.
Although histological changes were impressive, the enlargement of the thyroid glands of our cases was slight in comparison with the massive goitres which have developed after prolonged maternal ingestion of iodides, and there was none of the anatomical consequences of such enlargement. 
